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(57) ABSTRACT

A backlight unit of a three-dimensional (3D) display has a
plurality of cells and a 3D image is formed by adjusting
directions of light emitted from the cells. The backlight unit
includes an emission unit that adjusts an emission direction of
light from a cell with respect to other cells. The backlight unit
divides view areas to provide left-eye and right-eye images,
thereby generating a 3D image.
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BACKLIGHT UNIT, 3D DISPLAY HAVING
THE SAME, AND METHOD OF FORMING 3D
IMAGE

RELATED APPLICATIONS

This application claims priority under 35 U.S.C. 119 to
Korean Patent Application No. 10-2010-0029351, filed on
Mar. 31, 2010, in the Korean Intellectual Property Office, the
disclosure of which is incorporated herein in its entirety by
reference.

BACKGROUND

1. Field

The following description relates to a backlight unit, a
three-dimensional (3D) display having the same, and a
method of forming a 3D image. More particularly, direction
of light emitted by the backlight unit may be adjustable.

2. Description of the Related Art

Three-dimensional (3D) images can be formed according
to the principle of stereo visualization in a viewer’s eyes. An
important factor in generating a stereoscopic sensation in 3D
images is the binocular parallax which occurs due to the
distance between two eyes of the viewer (i.e. about 65 mm).
There are generally two different types of conventional three-
dimensional (3D) image displays. A first type of 3D image
display requires suitable glasses to see 3D images on the
display, and a second type of 3D image display does not
require glasses to view 3D images. In the second type of 3D
image displays, 3D images can be generated by separating
right images and left images without using glasses. Tech-
niques for the 3D image displays without 3D glasses include
a parallax barrier method and a lenticular method.

In the parallax barrier method, images to be observed by
right and left eyes are alternately displayed, where each
image has longitudinal patterns, and the images are observed
using a very thin longitudinal lattice row, e.g., a barrier. In this
way, a longitudinal pattern image for the left eye and a lon-
gitudinal pattern image for the right eye are separated by the
barrier. The image for the left eye and the image for the right
eye have different view points, and thus they are separately
observed by the right and left eyes, respectively, to form a
stereoscopic image.

In the lenticular method, images corresponding to right and
left eyes are disposed on a focal plane of a lenticular lens, and
the images are observed through the lenticular lens. The
images corresponding to the right and left eyes are divided
based on the characteristic of the lenticular lens, and thus they
are separately observed by the right and left eyes, respec-
tively, to form a stereoscopic image.

In both the parallax barrier method and the lenticular
method, a stereoscopic image viewing area is fixed because a
barrier or lens, a focal length, an emission direction, and the
like are fixed. For example, a 3D image can be viewed only
either in a landscape/horizontal mode or in a portrait/vertical
mode of a display in the parallax barrier and lenticular meth-
ods. This is because the barrier and lenticular lens are
arranged such that only a certain display direction and orien-
tation provides images that the right and left eyes can properly
observe in order to form a stereoscopic image.

SUMMARY

In one general aspect, a backlight unit includes a plurality
of cells, each of the plurality of cells being adapted to direct
light in two or more emission directions, wherein a first image
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is displayed when the light is directed in one of the two or
more emission directions, and wherein a second image is
displayed when the light is directed in another of the two or
more emission directions.

Each of the plurality of cells may include a plurality of light
sources. The plurality of light sources may be arranged in
two-dimensional array. Each of the plurality of light sources
may be controlled independently.

Each of the plurality of cells includes a plurality of reflec-
tion portions, and each of the plurality of light sources may be
arranged to correspond to each of the plurality of reflection
portions.

The plurality of reflection portions may be arranged on a
curved surface.

Each of the plurality of cells further may include a pinhole,
wherein the pin hole is disposed in a position above the
plurality of light sources.

The pin hole may affect an emission direction of light
emitted from each of the plurality oflight sources, and each of
the emission directions of the plurality of light sources are
different from one another.

The backlight units may include at least one light guide
plate (LGP), and a light source emitting light into a surface of
the light guide plate (LGP). The light guide plate (LGP) may
be formed in a wedge shape. Each of the plurality of cells may
include a prism array disposed above the light guide plate
(LGP). The prism array may include an electric wetting
device.

The prism array may include a plurality of prisms, wherein
the plurality of prisms are arranged in a two-dimensional
manner and each of the plurality of prisms is controlled inde-
pendently.

Each of the plurality of cells may further include a shutter
array disposed above the light guide plate (LGP).

The shutter array may include at least one selected from the
group of an electric wetting shutter, a liquid crystal shutter, a
frustrated total internal reflection (FTIR) shutter, and any
combination thereof.

The prism array may further include a plurality of prisms,
wherein the plurality of prisms are arranged in a two-dimen-
sional manner and each of the plurality of prisms is operated
independently.

According to another general aspect, a three-dimensional
(3D) display includes a backlight unit and a display panel
disposed above the backlight unit, wherein the backlight unit
includes a plurality of cells, each of the plurality of cells being
able to direct light in two or more emission directions,
wherein a first image is displayed when the light is directed in
a first emission direction of the two or more emission direc-
tions, and wherein a second image is displayed when the light
is directed in a second emission direction of the two or more
emission directions.

Each of the plurality of cells may further include a plurality
oflight sources, wherein each of the plurality of light sources
is controlled independently. Each of the plurality of cells may
further include a plurality of reflection portions arranged on a
curved surface. Each of the plurality of cells may further
include a pin hole, wherein the pin hole affects an emission
direction of light emitted from at least one of the plurality of
light sources.

The backlight unit may further include a light guide plate
(LGP), and the backlight unit may also further include at least
one selected from the group of a prism array, a shutter array
disposed above the light guide plate (LGP), and any combi-
nation thereof. The at least one selected from the group of'the
prism array, the shutter array, and any combination thereof
may include an electric wetting device.
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According to another general aspect, a method of forming
athree-dimensional (3D) image includes calculating an emis-
sion direction of light of each of a plurality of cells in a
backlight unit, wherein each of the plurality of cells are
adapted to direct light in at least two different emission direc-
tions, providing a first image with light directed in one of the
at least two different emission directions, and providing a
second image with light directed in another of the at least two
different emission directions.

Each ofthe plurality of cells may include a plurality of light
sources arranged in a two-dimensional manner, and each of
the plurality of light sources may be controlled indepen-
dently.

The method may further include adjusting an emission
direction of light of at least one of the plurality of cells
according to the calculated emission direction by selectively
turning ON or OFF each of the plurality of light sources.

Each of the plurality of cells may include at least one
selected from the group of'a pin hole, a plurality of reflection
portions, and any combination thereof.

The backlight unit may include a light guide plate (LGP),
and the backlight unit may further include at least one
selected from the group of a prism array, a shutter array
disposed above the light guide plate (LGP), and any combi-
nation thereof.

The method may further include adjusting an emission
direction of light of at least one of the plurality of cells
according to the calculated emission direction by indepen-
dently operating at least one selected from the group of prisms
of the prism array, shutters of the shutter array, and any
combination thereof.

The method may further include determining an orienta-
tion of a display apparatus that includes the backlight unit,
wherein the providing the first image may further include
directing light in the one of the at least two different emission
directions according to the determined orientation of the dis-
play apparatus, and wherein the providing the second image
may further include directing light in the another of the at
least two different emission directions according to the deter-
mined orientation of the display apparatus.

The orientation of the display apparatus may be deter-
mined according to the detection result of a gravity sensor.
The orientation of the display apparatus may be determined
according to tracking information of auser’s right eye and left
eye.

In another general aspect, a three-dimensional (3D) dis-
play includes a backlight unit, a display panel disposed above
the backlight unit, and a sensing unit for determining the
orientation of the 3D display, wherein the backlight unit
includes a plurality of cells, each of the plurality of cells being
able to direct light in a plurality of emission directions,
wherein a first image is displayed when the light is directed in
a first emission direction of the plurality of emission direc-
tions according to an output result of the sensing unit, and
wherein a second image is displayed when the light is directed
in a second emission direction of the plurality of emission
directions according to an output result of the sensing unit.

Other features and aspects may be apparent from the fol-
lowing detailed description, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram illustrating a schematic view of a
three-dimensional (3D) display according to certain
examples described herein.

FIG. 2 is a diagram illustrating a cross-sectional view of
FIG. 1 taken along a line II-1I.
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FIG. 3 is a diagram illustrating one example of a backlight
unit.

FIG. 4 is a diagram illustrating another example of a back-
light unit.

FIG. 5 is a diagram illustrating another example of a back-
light unit.

FIG. 6 is a diagram illustrating another example of a back-
light unit.

FIG. 7 is a diagram illustrating an example of operation of
a backlight unit synchronized with a display panel.

FIGS. 8A and 8B are diagrams illustrating another
example of operation of a backlight unit synchronized with a
display panel.

FIG. 9 is a diagram illustrating examples of different light
emission directions of the display at various orientations of
the display.

FIG. 10 is a flowchart illustrating procedures for adjusting
a light emission direction of the display based on tracking
information of a user’s eyes.

Throughout the drawings and the detailed description,
unless otherwise described, the same drawing reference
numerals will be understood to refer to the same elements,
features, and structures. The relative size and depiction of
these elements, as well as the thicknesses of layers and
regions, may be exaggerated for clarity, illustration, and con-
venience.

DETAILED DESCRIPTION

The following detailed description is provided to assist the
reader in gaining an understanding of the methods, appara-
tuses, and/or systems described herein. Accordingly, various
changes, modifications, and equivalents of the systems, appa-
ratuses and/or methods described herein may be suggested to
those of ordinary skill in the art. Also, descriptions of well-
known functions and constructions may be omitted for
increased clarity and conciseness.

Specific structural and functional details described herein
are merely representative for purposes of describing certain
examples. Thus, the features described herein may be embod-
ied in many alternate forms and should not be construed as
limited to only the examples set forth herein. Therefore, it
should be understood that there is no intent to limit the
examples to the particular forms described, but on the con-
trary, the examples are provided are to cover all modifica-
tions, equivalents, and alternatives falling within the scope of
the invention.

Although the terms first, second, etc. may be used herein to
describe various elements, these elements should not be con-
sidered to be limited by these terms. These terms are only
used to distinguish one element from another. For example, a
first element could be termed a second element, and, simi-
larly, a second element could be termed a first element, with-
out departing from the scope of exemplary embodiments. As
used herein, the term “and/or” includes any and all combina-
tions of one or more of the associated listed items.

It will be understood that, if an element is referred to as
being “connected” or “coupled” to another element, it can be
directly connected, or coupled, to the other element or inter-
vening elements may be present. In contrast, if an element is
referred to as being “directly connected” or “directly
coupled” to another element, there are no intervening ele-
ments present. Other words used to describe the relationship
between elements should be interpreted in a like fashion (e.g.,
“between” versus “directly between,” “adjacent” versus
“directly adjacent,” etc.).
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The terminology used herein is only for the purpose of
describing particular examples and is not intended to be lim-
iting. As used herein, the singular forms “a,” “an” and “the”
are intended to include the plural forms as well, unless the
context clearly indicates otherwise. It will be further under-
stood that the terms “comprises,” “comprising,” “includes”
and/or “including,” if used herein, specify the presence of
stated features, integers, steps, operations, elements and/or
components, but do not preclude the presence or addition of
one or more other features, integers, steps, operations, ele-
ments, components and/or groups thereof.

Spatially relative terms (e.g., “beneath,” “below,” “lower,”
“above,” “upper” and the like) may be used herein for ease of
description to describe one element or a relationship between
a feature and another element or feature as illustrated in the
figures. It will be understood that the spatially relative terms
are intended to encompass different orientations of the device
in use or operation in addition to the orientation depicted in
the figures. For example, if the device in the figures is turned
over, elements described as “below” or “beneath” other ele-
ments or features would then be oriented “above” the other
elements or features. Thus, for example, the term “below” can
encompass both an orientation that is above, as well as, below.
The device may be otherwise oriented (rotated 90 degrees or
viewed or referenced at other orientations) and the spatially
relative descriptors used herein should be interpreted accord-
ingly.

Certain examples are described herein with reference to
cross-sectional illustrations that are schematic illustrations of
idealized embodiments (and intermediate structures). As
such, variations from the shapes of the illustrations as a result,
for example, of manufacturing techniques and/or tolerances,
may be expected. Thus, the examples should not be construed
as limited to the particular shapes of regions illustrated herein
but may include deviations in shapes that result, for example,
from manufacturing. For example, an implanted region illus-
trated as a rectangle may have rounded or curved features
and/or a gradient (e.g., of implant concentration) at its edges
rather than an abrupt change from an implanted region to a
non-implanted region. Likewise, a buried region formed by
implantation may result in some implantation in the region
between the buried region and the surface through which the
implantation may take place. Thus, the regions illustrated in
the figures are schematic in nature and their shapes do not
necessarily illustrate the actual shape of a region of a device
and do not limit the scope.

It should also be noted that in some alternative implemen-
tations, the functions or operations may occur out of the order
noted in the figures. For example, two figures shown in suc-
cession may in fact be executed substantially concurrently or
may sometimes be executed in the reverse order, depending
upon the functions or operations involved.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which the described examples belong. It will be further under-
stood that terms, such as those defined in commonly used
dictionaries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art
and will not be interpreted in an idealized or overly formal
sense unless expressly so defined herein.

According to the examples described herein, a three-di-
mensional (3D) display includes a backlight unit that adjusts
a light emission direction to provide a left-eye view area and
a right-eye view area separately for a 3D image. FIG. 1
illustrates a schematic view of a 3D display according to
certain examples described herein. The 3D display may
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include a backlight unit 10 and a display panel 20 that may
generate an image by using the light emitted from the back-
light unit 10. The backlight unit 10 may include a plurality of
cells Z,,, ..., and Z,,,, and each of the plurality of cells
Z,,...,and 7, includes an emission unit 15 that may adjust
a light emission direction of the cell. As an example, the cells
Z,,,...,and Z, may be arranged in a two-dimensional
manner. The display panel 20 includes a plurality of pixels
and generates images according to light transmitted through
each of the pixels. As an example, the display panel 20 may be
a liquid crystal display (LCD) panel.

FIG. 2 illustrates a cross-sectional view of FIG. 1 taken
along a line II-1I. Referring to FIG. 2, the emission unit 15 of
each cell Z,, may adjust the light emission direction indepen-
dently and optionally. Therefore, the light emitted from each
cell can be directed to a left eye LE, aright eye RE, or both left
and right eyes. When the light is selectively transmitted to the
left eye LE or the right eye RE, a 3D image can be generated.
On the other hand, when the light is transmitted to both left
eye LE and right eye RE, a 2D image can be generated. In this
manner, the 3D display illustrated in FIG. 1 can be converted
from a 3D display mode to a 2D display mode, and vice versa.
Further, the emission unit 15 may adjust the light emission
direction in a vertical direction, a horizontal direction, or a
diagonal direction. Therefore, the 3D images on the 3D dis-
play of the examples described herein may be displayed in
various orientations by adjusting the light emission direction
of each emission unit 15 independently. For example, the
emission unit 15 may be changed from a landscape mode, in
which a 3D image can be viewed when a display is disposed
in a horizontal direction, to a portrait mode, in which a 3D
image can be viewed when a display is disposed in a vertical
direction.

In the 3D display illustrated in FIG. 2, a view area of the
display may be divided to provide a left-eye image and a
right-eye image separately by adjusting the light emission
direction of the backlight unit 10. The left-eye image and the
right-eye image are displayed sequentially to provide a 3D
image while avoiding a reduction in image resolution.

FIG. 3 illustrates an example of a backlight unit 100. The
backlight unit 100 of FIG. 3 may include a plurality of cells,
and each of the plurality of cell may have an emission unit 115
that adjusts the light emission direction with respect to the
emission units of other cells. The plurality of cells may
include a first cell 115a, a second cell 1154, and a third cell
115¢. The plurality of cells may be arranged in a 2D manner,
and each cell may be formed to be substantially square and
substantially point symmetric. Further, the number and sizes
of cells may be changed according to the size of a display, the
number of pixels, resolution, and the like.

The emission unit 115 includes a plurality of reflection
portions 120 and a plurality of light sources 125. Each light
source 125 may be disposed with respect to a corresponding
reflection portion 120, as illustrated in FIG. 3. Each of the
reflection portions 120 may have a curved shape and is be
formed of a material that reflects light emitted from the light
sources 125. Each of the plurality of light sources 125
includes a lighting element (e.g. light emitting diode (LED),
an organic light emitting diode (OLED), and the like). The
reflection portions 120 may be arranged in a 3D structure
within each of the cells 1154, 1155, and 115¢. For example,
the reflection portions 120 may be arranged in a curved sur-
face as shown in FIG. 3. Since the reflection portions 120 may
face different directions from one another, lights reflected by
the reflection portions 120 may be directed to different direc-
tions. Each of the reflection portions 120 may have a point
symmetry structure.
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In each of the cells 1154, 1155, and 115¢, the light sources
125 may be selectively turned on or off; thus, the light emis-
sion direction of the light from each cell can be changed. For
example, to achieve a certain light emission direction, a first
light source may be turned on in the first cell 1154, a third
light source may be turned on in the second cell 1155, and a
fifth light source may be turned on in the third cell 115¢ as
illustrated in FIG. 3. Thus, the light emission direction in each
of the cells may be adjusted independently. The light emis-
sion direction of each of the cells 1154, 11556, and 115¢ may
be set according to the position of a light source 125 which is
turned on. A control unit (not shown) of a display may have
information regarding light sources 125 and corresponding
light emission directions in each of the cells 1154, 1155, and
115¢. According to the above example, the light emission
directions of the cells 1154, 11554, and 115¢ are based on the
arrangement of the reflection portions 120. Further, the light
emission directions may be controlled in various directions,
including a vertical direction, a horizontal direction, a diago-
nal direction, and the like.

The reflection portions 120 may be paraboloidal mirrors in
which a light source 125 is located at the focus of a corre-
sponding reflection portion 120, and thus light emitted from
any light source 125 is reflected and collimated by the corre-
sponding reflection portion 120, due to the parabolic shape.
Centers of the light sources 125 disposed within the corre-
sponding reflection portions 120 may be connected by a vir-
tual line 130. Virtual line 130 may be disposed as a curved
line. Accordingly, the light emission direction may be
adjusted based on the positions of the light sources 125 that
are turned on and the orientations ofthe corresponding reflec-
tion portions 120. Light emitted from the cells may be trans-
mitted in a corresponding left-eye direction and a correspond-
ing right-eye direction to provide a 3D image.

According to the above example, the 3D image may be
displayed without reducing the resolution of the observed
image by displaying the left-eye image and the right-eye
image in a temporal sequence. In other words, the light
sources 125 may be selectively turned on in each of the cells
of the backlight unit 100 to provide an emission light in the
left-eye direction only, and thus only a left-eye image is
formed in a display panel for a first frame. For a second frame,
the light sources 125 may be selectively turned on in each of
the cells of the backlight unit 100 to provide an emission light
in a right-eye direction only, and thus only a right-eye image
is formed in the display panel for the second frame.

According to the above example, a 2D image may be
displayed on the 3D display by turning on the light sources
125 disposed in the same position in each of the cells, for
example the light sources that are positioned in the center of
each of the cells and provide light into a direction substan-
tially perpendicular to the display panel. Therefore, the image
formed on the display may be converted from 3D to 2D and
vice versa by adjusting the light emission direction in each of
the cells.

FIG. 4 illustrates another example of a backlight unit 200.
Referring to FIG. 4, the backlight unit 200 includes a light
source 205, a light guide plate (LGP) 210 guiding light emit-
ted from the light source 205, and a prism array 220 disposed
above the LGP 210. The prism array 220 operates as an
emission unit to adjust the light emission direction of the light
guided by the LGP 210. The light source 205 may be a cold
cathode fluorescent lamp (CCFL), a light emitting diode
(LED), an organic light emitting diode (OLED), or the like.
The LGP 210 guides light emitted from the light source 205
towards the prism array 220. The LGP 210 may collimate
lights from a point light source or linear light source and may
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provide a surface light source for the prism array 220. The
LGP 210 may have a wedge shape, as illustrated in FIG. 4, so
as to facilitate collimation of light. Further, the LGP 210 may
include prism patterns disposed on a top surface or a bottom
surface to facilitate collimation of the light emitted from the
light source 205. The prism patterns may be formed on the
LGP 210 through one of well-known technologies in the
industries, or through a process specially designed for imple-
menting the above-described features.

According to the above example, the prism array 220 dis-
posed on the LGP 210 is divided into cells 225. A prism in
each cell includes a refraction surface 230 whose inclination
may be adjusted by an electrical signal. Therefore, the emis-
sion direction of light from each cell may be adjusted by
changing the inclination of the refractive surface 230 of the
prism located in the cell. For example, the cells 225 include a
first cell 225a, a second cell 2255, and a third cell 225¢. The
refraction surfaces 230 in the first cell 2254, the second cell
225b, and the third cell 225¢ may be adjusted independently
to control light emission directions of the lights from the first,
second and third cells separately. The controlled light emis-
sion directions may be directed to a left eye view or a right eye
view, and thus a 3D image may be displayed.

The prism array 220, for example, may include an electric
wetting device. The cells of the prism array 220 may be
divided by electrodes 207. A polarizable liquid 229 (e.g.
water) and a nonpolar liquid 231 (e.g. oil) may be filled
between the electrodes 207. A boundary surface formed
between the polarizable liquid 229 and the nonpolar liquid
231 acts as a refraction surface 230. A dielectric layer 208
may be disposed on inner walls of the electrodes 207. The
dielectric layer 208 has a hydrophobic surface formed by
coating a hydrophobic thin film on a top surface of the dielec-
tric layer or by using a hydrophobic dielectric layer. Accord-
ing to the above example, the polarizable liquid 229 may be
inclined at a high contact angle with the dielectric layer 208
when voltage is not applied to the electrodes 207. On the other
hand, the contact angle between the dielectric layer 208 and
the polarizable liquid 229 is decreased when voltage is
applied to the electrodes 207. Therefore, the inclination of
each refraction surface 230 can be adjusted by the electrical
voltage. The variation of inclination of the refractive surface
230 changes the light emission direction of the light from the
cell. Accordingly, the light emission direction may be
adjusted by the voltage supply to the electrodes 207 where the
voltage supply can be controlled by ON and OFF switching
process or by controlling magnitudes of voltage. The mecha-
nism for adjusting the light emission directions of the cell in
this example is not limited to the principle of electric wetting.
For example, the light emission direction may also be
adjusted by using a liquid crystal when an image is formed by
using polarized light. In the liquid crystal, the arrangement of
liquid crystal molecules is varied according to the size/
strength of an electric field formed by applied voltages, which
provides a variation of the refractivity of the liquid crystal.

According to the example illustrated in FIG. 4, the light
emission direction may be adjusted according to magnitudes
and directions of the voltages applied to the prism array 220.
For example, a light emission at a first time t1 may be trans-
mitted in a left eye direction, and a light emission at a second
time t2 may be transmitted in a right eye direction by adjust-
ing the applied voltages, thereby providing a 3D image. Since
the left-eye image and the right-eye image may be displayed
sequentially, the 3D image can be displayed without reducing
the resolution of the displayed image. A 2D image may also
be displayed in the 3D display by adjusting the light emission
direction in each of the cells in such a way that light emitted
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from each of the cells is directed in substantially the same
direction, such as perpendicular to the front side of a display
panel placed above the backlight unit 200. Thus, the display
mode of the 3D display according to the above example can
be switched from a 3D display mode to a 2D display and vice
versa.

FIG. 5 illustrates another example of a backlight unit 300.
Referring to FIG. 5, the backlight unit 300 includes a plurality
of cells, and each of the cells includes an emission unit 325
that adjusts the direction of light emitted from the corre-
sponding cell. The emission unit 325 includes a light array
selectively transmitting light and a direction adjusting portion
for controlling emission direction of the light emitted from
the light array. The light array may include a light source 305,
an LGP 310 that guides light emitted from the light source
305, and a shutter array 327 disposed over the LGP 310. A
lens array 330 disposed over the shutter array 327 may control
the direction of light passed through the shutter array 327.

The light source 305 may be a CCFL, an LED, an OLED,
or the like. The LGP 310 may include scattering emission
patterns.

According to the example illustrated in FIG. 5, the shutter
array 327 may include a plurality of shutters for each of the
cells. The plurality of shutters in each cell may be arranged in
a 2D manner, and each cell may be formed to be substantially
square and substantially point symmetric. For example, the
shutter array 327 may include first through fifth shutters 3274,
327b, 327¢, 327d, and 327 in the first cell 325a. The first
through fifth shutters 327a, 3275, 327¢, 327d, and 327¢ may
be formed as a liquid crystal shutter, an electric wetting shut-
ter, a frustrated total internal reflection (FTIR) shutter (here-
inafter, referred to as an FTIR shutter), and the like. The FTIR
shutter may be employed to reduce power consumption, as
compared to other shutters, by recycling light.

The lens array 330 may include a plurality of lenses corre-
sponding to each of the cells, and the shutter array 327 may be
disposed on a focal plane of the lens array 330. For example,
when the cells are arranged in a 2D manner, the lens array 330
may also be arranged in a 2D manner. A space layer 329 may
be further formed between the lens array 330 and the shutter
array 327 so as to separate the lens array 330 from the shutter
array 327 by a distance substantially equal to a focal length of
the lens. The space layer 329 may be formed of a material
having the same or a similar refractive index as that of the lens
array 330 or of the space layer 329. Also, the lens array 330
may form a unitary body made from the same or similar lens
material. According to the example illustrated in FIG. 5, the
backlight unit 300 may further include a diffusion plate 312
that substantially uniformly disperses light emitted from the
LGP 310, a prism sheet 314 that alters a light proceeding path,
and/or a brightness enhancement film 316. Diffusion plate
312, prism sheet 314, and brightness enhancement film 316
may each be disposed between the shutter array 327 and the
LGP 310.

According to the example illustrated in FIG. 5, light emit-
ted from the light source 305 (e.g. substantially a point or line
light source) is converted to a planar slight source by dispers-
ing the light over a surface of the backlight unit 300 through
the LGP 310. Light emitted from the LGP 310 may be con-
trolled by ON and OFF switching operations of the shutter
array 327. The direction of light passed through the shutter
array 327 may vary according to positions of the opened
shutters in the cells and interactions with the lens array 330.
For example, when the first shutter 327« is opened and the
remaining second through fifth shutters 3275, 327¢, 3274,
and 327e¢ are closed in the first cell 3254, the light controlled
by the shutter array 327 is directed in an upward-right direc-
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tion as illustrated in FIG. 5. On the other hand, when the fifth
shutter 327¢ is opened and the remaining first through fourth
shutters 327a, 327b, 327¢, and 327d are closed as shown in
the third cell 325¢ of FIG. 5, the light is directed in an
upward-left direction. When the third shutter 327¢ is opened
and the remaining first, second, fourth, and fifth shutters
327a, 327b, 327d, and 327e are closed as illustrated in the
second cell 3256 of FIG. 5, the light is directed in a substan-
tially upward/vertical direction. Therefore, a 3D image can be
displayed with a left-eye view area and a right-eye view area,
which are each obtained by adjusting the emission direction
of light in each of the cells. According to the example illus-
trated in FIG. 5, the emission direction of light from each cell
may be adjusted independently and controlled in various
directions, according to different combinations of the posi-
tion of the opened shutter and the position of lens correspond-
ing to the opened shutters. When the shutter array 327 of the
above example is arranged in a 2D manner, the light emission
direction may be freely adjusted in vertical and horizontal
directions as well as right and left directions, relative to an
initial orientation of the display. Accordingly, a display hav-
ing the backlight unit 300 may display 3D images in various
orientations including a portrait display method and a land-
scape display method. Further, by displaying a left-eye image
and a right-eye image in a temporal sequence, the 3D image
may be displayed without reducing the resolution of the
observed image.

According to the example illustrated in FIG. 5, a 2D image
may also be provided in a display by adjusting the emission
direction of light from the cells by controlling the positions of
the opened shutter in the backlight unit 300. For example, by
opening all of shutters of the shutter array 327 or by opening
shutters in the same position in each of the cells, a 2D image
may be displayed. In this manner, an image on the display
may be converted from a 2D image to a 3D image and vice
versa by controlling the opened shutters of the shutter array
327.

FIG. 6 illustrates another example of a backlight unit 400.
Referring to FIG. 6, the backlight unit 400 includes a plurality
of cells 430, and each of the cells includes an emission unit
420 that adjusts a light emission direction with respect to each
of'the cells 430. The emission unit 420 includes a light source
array 415, in which a plurality of light sources are arranged,
and a pin hole 425 disposed over the light source array 415.
The light source array 415 may include an LED or OLED.
One pin hole 425 may be formed for each of the cells 430. The
light source array 415 may be implemented as a light array in
which each of light sources may be turned ON or OFF. In
comparison with the backlight unit 300 shown in FIG. 5, the
light source 305, the LGP 310, and the shutter array 327 ofthe
backlight unit 300 may be replaced with the light source array
415 of FIG. 6, and the light source array 415 provides an array
of light emissions. The light source array 415 may be
arranged in a 2D manner, and each cell may be formed to be
substantially square and substantially point symmetric. As an
example, the light source array 415 may include a plurality of
light sources, a first through a fifth light source 415a, 4155,
415¢, 415d, and 415¢. According to the example illustrated in
FIG. 6, a light emission direction of each cell may be con-
trolled by a position of a light source that is turned ON, being
one of the first through fifth light sources 4154a, 4155, 415¢,
415d, and 415¢ of the light source array 415, and the pin hole
425 of the cell, which affects the direction of light emitted
from the turned ON light source.

For example, the plurality of cells 430 may include a first
cell 430a, a second cell 4305, and a third cell 430c. When the
first light source 415a of the first cell 430a is turned ON and
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the remaining second through fifth light sources 4155, 415c¢,
415d, and 415¢ are turned OFF in the first cell 430q, light
emitted from the first light source 415¢a is directed in an
upward-right direction the pin hole 425 of the first cell 430a
as illustrated in FIG. 6. On the other hand, when the fifth light
source 415¢ is turned ON and the remaining first through
fourth light sources 415a, 415b, 415¢, and 415d are turned
OFF as shown in the third cell 430¢ of FIG. 6, light emitted
from the fifth light source is directed in an upward-left direc-
tion through the pin hole 425 of the third cell 430c. When the
third light source 415c¢ is turned ON and the remaining first,
second, fourth, and fifth light sources 4154, 4155, 415d, and
415¢ are turned OFF as show in the second cell 4305 of FIG.
6, light emitted from the third light source 415¢ is directed in
a substantially upward/vertical direction via the pin hole 425
of'the second cell 4305. According to the example illustrated
FIG. 6, the emission direction of light from each cell may be
adjusted independently and controlled in various directions.
For example, light may be transmitted to the right eye or left
eye according to the light emission direction, which is deter-
mined according to the position of'a turned-ON light source in
each of the cells in relation to the pin hole 425. In other words,
light emitted from each cell may be transmitted in a desired
direction by selectively operating the light sources based on
the relative positions of the light sources with respect to the
pin hole 425. Therefore, a 3D image may be displayed with
images provided into the left and right eyes sequentially by
adjusting the light emission directions from the cells. Further-
more, in the backlight unit 400, two or more light sources may
be simultaneously turned ON in the light source array 415 in
each of the cells, according to desired operation.

According to the example illustrated in FIG. 6, a 2D image
may be displayed by turning ON the light sources in the cells
in such a manner that the turned ON light sources are each in
substantially the same position. Therefore, a display having
the backlight unit 400 may be convert an image from a 2D
image to 3D image by adjusting the position of the turn-ON
light sources arranged in the light source array 415. Accord-
ing to the above example, an entire area of the display panel
may be used to display either the left-eye image or the right-
eye image, and thus a 3D image may be displayed without
reducing the resolution of the observed image.

According to the above examples, an emission unit of the
backlight unit adjusts a light emission direction of each of a
plurality of cells to form a 3D image. For example, the back-
light unit 300 illustrated in FIG. 5 includes a plurality of cells
325a,325b, and 325c¢. A light emission direction with respect
to each shutter in each cell can be estimated based on an
emission angle of the light passing through the shutter when
it is opened. According to the estimated relationship between
the light emission direction and the location of each shutter in
the shutter array 327, the emission unit may direct light from
each cell in a left eye direction or in a right eye direction,
thereby generating a 3D image. The method of adjusting light
emission direction of each cell based on the estimated rela-
tionship between a light emission direction and a location of
each shutter in the backlight unit 300 may be similarly applied
in other backlight units 100, 200, 200 and 400.

According to the examples described above, a display may
display images of two or more views by increasing a refresh
rate. A screen in one period may be referred to as one frame,
and a scanning speed corresponding to a screen of each view
included in one frame may be referred to as a refresh rate. For
example, when a frequency for one frame is 60 Hz, four views
for the frame may be provided with a refresh rate of 240 Hz or
higher. A 3D image with four views may be displayed by
adjusting the refresh rate while transmitting backlight into a
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desired light emission direction for each view (i.e. either for
left eye or right eye) at a speed corresponding to the refresh
rate. The number of views may be higher than four views, and
thus a 3D image according to the embodiments of the present
invention may also be displayed with a various number of
views.

Further according to the above examples, if the number of
views is greater than two views, two or more 3D images may
be generated. For example, 3D images may be generated for
two or more users, or a single user may view 3D images from
various perspectives or angles. As an additional example, 3D
images may be generated by various combinations of the
images viewed by a right eye RE and a left eye LE. For
example, an image viewed by a right eye RE may be com-
bined with a variety of images viewed by left eye LE to
generate various 3D images. As another example, if a first
image viewed by a right eye RE is combined with a second
image viewed by left eye LE to generate a first perspective or
first angle of a 3D image, the second image may be viewed by
right eye RE and combined with a third image viewed by left
eye LE to generate a second perspective or second angle of the
3D image.

FIG. 7 illustrates an example of operation of a backlight
unit synchronized with a display panel. If the display panel is
driven using a thin film transistor (TFT) in an active matrix
(AM) or passive matrix (PM) method, all pixels of the display
panel may not be capable of displaying a frame simulta-
neously, but instead display the frame in a scanning manner.
Thus, a left-eye image and a right-eye image may be mixed
and displayed together. If the light emission direction of the
backlight unit is only either for the left-eye-image or for the
right-eye image, cross-talk issues may arise. In order to
reduce cross-talk, a light emission direction of the backlight
unit may be adjusted in synchronization with scanning of the
display panel. For example, when the T-th frame of the right-
eyeimage as illustrated in FIG. 7 is formed in an upper region
of'the display panel and the T-th frame of the left-eye image
is formed in a lower region of the display panel, light emitted
from a corresponding upper region of the backlight unit may
be adjusted to be directed to the right eye, and light emitted
from a corresponding lower region of the backlight unit may
be adjusted to be directed to the left eye.

FIGS. 8A and 8B illustrate another example of operation of
a backlight unit synchronized with a display panel. As illus-
trated in FIG. 8A, the display panel may be divided into a left
region and a right region. At a first time tl, a left-eye image
may be formed in the left region, and a right-eye image may
be formed in the right region. The light emission direction of
the backlight unit may be provided in such a way that light
emitted from a left region of the backlight unit, corresponding
to the left-eye image displayed on the left region of the display
panel, may be directed into the left eye, and light emitted from
a right region of the backlight unit, corresponding to the
right-eye image display on the right region of the display
panel, may be directed into the right eye. Thus, cross-talk
caused by image mixing of the left-eye image and the right-
eye image according to the scanning direction of the display
panel may be reduced.

On the other hand, the right-eye image may be formed in
the left region of the display panel as illustrated in FIG. 8B,
and the left-eye image may be formed in the right region of the
display panel. In this case, the light emission direction of the
backlight unit may be adjusted to accommodate the position
of the left-eye image and right-eye images on the display
panel in such a way that light emitted from the left region of
the backlight unit may be directed into the right eye to illu-
minate the right-eye image displayed on the left region of the
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display panel, and light emitted from the right region of the
backlight unit may be directed into the left eye to illuminate
the left-eye image displayed on the right region of the display
panel. In this manner, the left-eye image and the right-eye
image are switched their positions on the display panel, as
compared to their positions in FIG. 8A, without reducing
resolution.

According to the above examples, brightness and/or
ON/OFF time ratio of the light sources in each of cells of the
backlight unit may be adjusted in order to control the light
emission directions of the divided regions (i.e. right region
and left region) as shown in FIGS. 8A and 8B. For example,
the backlight unit 400 of FIG. 6 may provide light in two
different emission directions by adjusting the brightness of
light sources in each cell 430 and/or the turn ON/OFF time
ratio of the light source with respect to adjacent light sources
arranged in the light source array 415.

According to the above examples, the light emission direc-
tion of the backlight unit may be estimated based on an
orientation of a display and/or positions of the viewer’s eyes.
As one example, the orientation of the display may be
detected, and the light emission direction of the backlight
may be adjusted based on the detected orientation informa-
tion in order to change a display mode of the display. As
another example, the light emission direction of the backlight
may be adjusted based on the tracking information of posi-
tions of the viewer’s eyes.

FIG. 9 illustrates different light emission directions of the
display at various orientations of the display. For example,
FIG. 9 illustrates patterns corresponding to opening/closing
signals of the shutter array 327 of the backlight unit 300
illustrated in FIG. 5. The position of the display may be
detected using a gravity (G) sensor, for example. The G sen-
sor may detect the direction of the gravity on the display, and
thereby determine the position/orientation of the display. The
display may include information regarding a screen display
direction according to the position of the display. When a
position change of the display is detected by the G sensor, the
display recognizes the screen display direction corresponding
to the new orientation of the display. The backlight unit may
adjust the light emission direction with the recognized new
screen display direction, and thereby conversion of the dis-
play mode may occur.

FIG. 10 illustrates procedures for adjusting a light emission
direction based on tracking information ofa user’s eyes. First,
the positions of the eyes of the viewer are determined, and the
center position of each of the cells in the backlight unit is
checked. For example, the positions of the eyes of the viewer
may be determined using a camera directed towards the user.
A light emission angle of each of the cells is calculated
according to the position of the left eye X;, Y;, Z, and the
position of the right eye Xz, Y, Zx. A control signal is sent to
the backlight unit to control an emission unit of each of the
cells. For example, the control signal may turn ON/OFF light
sources of each of the cells, may open/close shutters in a
shutter array, or may change the level of voltage supplied to
each of the cells.

A left-eye image and a right-eye image are formed accord-
ing to image data. The image data may include data such as
color data RGB and depth data D. The image data may
include 3D image data as well as 2D image data. Here, a 3D
image will be described. A display control signal is transmit-
ted to a display panel according to left-eye image data and
right-eye image data, thereby forming the left-eye image and
the right-eye image. The left-eye image and the right-eye
image may be formed simultaneously or sequentially. For the
left-eye image, the emission unit of the backlight unit may
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provide light to be directed toward the left eye. For the right-
eye image, the emission unit of the backlight unit allows light
to be directed toward the right eye, and thereby a 3D image is
formed when both the left-eye image and the right-eye image
are viewed.

In addition to the automatic eye tracking, a user may des-
ignate the light emission direction by arbitrarily selecting an
emission mode. For example, when the available emission
modes include a front emission mode, a left emission mode,
and a right emission mode, the user may select the front
emission mode in which the view of the images on the display
may be restricted to the user only and not visible to other
people.

While certain examples have been described above, it
should be apparent that modifications and variations thereto
are possible, all of which fall within the spirit and scope of the
invention. With respect to the above descriptions, it should be
recognized that the optimum relationships for the compo-
nents and steps of the invention, including variations in order,
form, content, function and manner of operation, are deemed
readily apparent and obvious to one skilled in the art, and all
equivalent relationships to those illustrated in the drawings
and described in the specification are intended to be encom-
passed by the present invention. The above description and
drawings are illustrative of modifications that can be made
without departing from the present invention, the scope of
which is to be limited only by the following claims.

Therefore, the foregoing is considered as illustrative only
of the principles of the invention. Further, since numerous
modifications and changes will be apparent to those skilled in
the art, it is not desired to limit the invention to the exact
construction and operation shown and described, and accord-
ingly, all suitable modifications and equivalent are intended to
fall within the scope of the invention as claimed.

What is claimed is:
1. A backlight unit comprising:
cells, each cell including
reflection portions, and
light sources disposed along a curved line within the cell,
wherein each light source is disposed apart from a cor-
responding reflection portion, and wherein each light
source is disposed between the corresponding reflection
portion and a viewer;
wherein each cell is configured to direct light in two or
more emission directions,
wherein a first image is displayed when the light is directed
in one of the two or more emission directions, and
wherein a second image is displayed when the light is
directed in another of the two or more emission direc-
tions,
wherein each cell controls the emission direction accord-
ing to a location of a light source turned on.
2. The backlight unit of claim 1, wherein the light sources
are arranged in an array.
3. The backlight unit of claim 1, wherein each light source
is controlled independently.
4. The backlight unit of claim 1, wherein the reflection
portions are arranged on a curved surface.
5. A backlight unit comprising:
cells, each cell including:
light sources aligned vertically and horizontally in a two
dimensional array, and
a pin hole configured to affect an emission direction of
light emitted from at least one light source;
wherein each cell is configured to direct light in two or
more emission directions;
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wherein each cell controls the emission direction accord-
ing to alocation of a light source turned on and a location
of the corresponding pin hole of each cell;

wherein a first image is displayed when the light is directed
in one of the two or more emission directions, and

wherein a second image is displayed when the light is
directed in another of the two or more emission direc-
tions.

6. The backlight unit of claim 5, wherein the pin hole in
each cell affects an emission direction of light emitted from
each light source, and each of the emission directions of the
light sources are different from one another.

7. A backlight unit comprising:

a light guide plate (LGP);

a light source configured to emit light into a surface of the

LGP; and

cells, wherein each cell is independently configured to
direct light in two or more emission directions by use of
a prism disposed in the cell and above the light guide
plate (LGP), wherein each prism comprises a refraction
surface with an inclination surface, and wherein each
prism is adjusted by using an electrical signal;

wherein a first image is displayed when the light is directed
in one of the two or more emission directions,

wherein a second image is displayed when the light is
directed in another of the two or more emission direc-
tions.

8. The backlight unit of claim 7, wherein the LGP is formed

in a wedge shape.

9. The backlight unit of claim 7, wherein the prism com-
prises an electric wetting device.

10. The backlight unit of claim 7, wherein each cell further
includes a shutter array disposed between the LGP and a
display panel.

11. The backlight unit of claim 10, wherein the shutter
array comprises at least one selected from the group of an
electric wetting shutter, a liquid crystal shutter, a frustrated
total internal reflection (FTIR) shutter, and any combination
of thereof.

12. A backlight unit comprising:

a light source;

a light plate; and

cells, each cell comprising a shutter array disposed above
the light guide plate,

wherein each shutter is configured to open or close inde-
pendently;

wherein each cell is configured to direct light in a first
emission direction and a second emission direction, and

wherein an emission direction is determined by a location
of'an open shutter.

13. A three-dimensional (3D) display comprising:

a backlight unit and a display panel disposed above the
backlight unit, wherein the backlight unit includes cells,
each cell including reflection portions, and

light sources disposed along a curved line within the cell,
wherein each light source is disposed apart from a cor-
responding reflection portion, and is disposed between
the corresponding reflection portion and a viewer;

wherein each cell is configured to direct light in two or
more emission directions,

wherein a first image is displayed when the light is directed
in a first emission direction of the two or more emission
directions, and

wherein a second image is displayed when the light is
directed in a second emission direction of the two or
more emission directions,
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wherein each cell controls the emission direction accord-

ing to a location of a light source turned on.

14. The three-dimensional display of claim 13, wherein
each light source is controlled independently.

15. A three-dimensional (3D) display comprising:

a backlight unit and a display panel disposed above the

backlight unit,

wherein the backlight unit includes cells, each cell includ-

ing

light sources aligned vertically and horizontally in a two
dimensional array, and

a pin hole configured to affect an emission direction of
light emitted from at least one light source;

wherein each cell is configured to direct light in two or

more emission directions,

wherein each cell controls the emission direction accord-

ing to a location of the light source turned on and the
corresponding pin hole of each cell;

wherein a first image is displayed when the light is directed

in a first emission direction of the two or more emission
directions, and

wherein a second image is displayed when the light is

directed in a second emission direction of the two or
more emission directions.
16. A method of forming a three-dimensional (3D) image,
the method comprising:
calculating an emission direction of light of each of cells in
a backlight unit, wherein each cell is configured to direct
light in at least two different emission directions;

providing a first image with light directed in an emission
direction;

providing a second image with light directed in another

emission direction, wherein each cell includes

reflection portions, and

light sources disposed along a curved line within the
cell, wherein each light source is disposed apart from
a corresponding reflection portion, and between the
corresponding reflection portion and a viewer;

wherein each cell controls the emission direction accord-

ing to a location of a light source turned on.

17. The method of claim 16, wherein each cell includes
light sources arranged in an array, and each light source is
controlled independently.

18. The method of claim 17, further comprising:

adjusting an emission direction of light of at least one of the

cells according to the calculated emission direction by
selectively turning ON or OFF each light source.

19. The method of claim 16, further comprising:

determining an orientation of a display apparatus that

includes the backlight unit,
wherein the providing the first image further comprises
directing light in the emission direction according to the
determined orientation of the display apparatus, and

wherein the providing the second image further comprises
directing light in the another of the emission directions
according to the determined orientation of the display
apparatus.

20. The method of claim 19, wherein the orientation of the
display apparatus is determined according to the detection
result of a gravity sensor.

21. The method of claim 19, wherein the orientation of the
display apparatus is determined according to tracking infor-
mation of a user’s right eye and left eye.

22. A three-dimensional (3D) display comprising:

a backlight unit;

a display panel disposed above the backlight unit; and

a sensor to determine the orientation of the 3D display,
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wherein the backlight unit includes cells, each cell includ-
ing
reflection portions, and
light sources disposed along a curved line within the
cell, wherein each light source is disposed apart from
a corresponding reflection portion, and between the
corresponding reflection portion and a viewer;
wherein each cell is configured to direct light in a plurality
of emission directions,
wherein a first image is displayed when the light is directed
in a first emission direction of the emission directions,
according to an output result of the sensor,
wherein a second image is displayed when the light is
directed in a second emission direction of the emission
directions, according to an output result of the sensor,
and
wherein each cell controls the emission direction accord-
ing to a location of a light source turned on.
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